Introduction
Chronic pain is a common medical condition afflicting up to 35% of the adult population (40% are female) [1,2,3
,4]. Patients with co-existing chronic pain are prone to exacerbation of their underlying pain condition following surgery. Both pre-existing pain and elevated analgesic requirements continue to be significant predictors of severe postoperative pain development [5 ] . Specific approaches toward perioperative management of patients with co-existing chronic pain are not adequately described in the scope of current chronic and acute pain management guidelines worldwide [6 ,7 ,8 ,9-11] . The recent literature, however, does provide support for regional anesthesia techniques as it has often been shown to be superior to opioids alone for pain management in the chronic pain patient. Regional anesthesia has also been associated with better patient satisfaction, results in decreased perioperative morbidity and mortality compared to general anesthesia in patients with significant comorbid disease(s), and often possess other additional benefits (e.g. economic) for patients with chronic pain [12 ,13-15,16 ,17 ,18,19, 20 ]. This review will identify current data on perioperative management of patients with pre-existing chronic pain within the literature and will define many of the specifics of regional anesthesia for patients with co-existing chronic pain.
Benefits of regional anesthesia in the patient with co-existing chronic pain outcomes for thoracic, gynecological, orthopedic, and general surgery in patients with certain medical comorbidities and reduction of morbidity and mortality following major surgery in various high-risk patients (e.g. hip arthroplasty under regional anesthesia in patients with severe pulmonary compromise). As the effects of regional anesthesia technique implementation continues to be examined in different surgical settings, there is growing evidence that a variety of additional factors must be considered (age, sex, medical comorbidities, etc.) when addressing the considerations of regional anesthesia versus general anesthesia [[12 ,13-15,16 ,17 ,19,20 ,21 ,22 ]. Several of these additional issues need to be further investigated as well as the evidence of a decreased incidence in chronic postsurgical pain development for patients with co-existing chronic pain. Several of the investigated benefits associated with incorporation of regional anesthesia that may prove to be essential considerations for patients with coexisting chronic pain are identified in Table 1 .
Patients with co-existing chronic pain and other comorbidities may receive additional clinical benefit when using properly implemented regional anesthesia techniques. In a patient with co-existing chronic pain and the triad of morbid obesity, obstructive sleep apnea (OSA) and a known difficult airway, use of regional anesthesia techniques could provide optimal anesthesia care and improved patient safety under a host of differing surgical scenarios [12 ,23] . As an example, a 32-year-old chronic pain patient (obese, OSA) on daily morphine (700 mg) maintenance presented for surgical excision of painful lesions from the ulnar distribution of the wrist and exploration of ulnar nerve. The successful anesthetic plan included an axillary block as the intraoperative Regional anesthesia and co-existing chronic pain Souzdalnitski et al. 663 Table 1 Common benefits of regional anesthesia, with accent on potential additional benefits to patients with co-existing chronic pain
Benefits
Additional benefits May not be relevant to opoid-naïve patients, and may become a significant clinical problem in patient with co-existing chronic pain associated with opioids dose escalation RA and better pain control in elderly, hastening of the rehabilitation process to decease the probability of loss of muscle mass, venous thromboembolism, cutaneous pressure ulcers
Uncontrolled pain can have vital consequences on patients with severe coronary disease, diabetes mellitus and other co-morbidities (prevalent in elderly). The positive impact of RA on morbidity and mortality after hip surgery has been demonstrated. All these should be considered in the view of 67% prevalence of co-existing pain in the elderly.
RA and labor pain. The data demonstred 17 times higher mortality in parturients with application of GA versus RA
The same refers to labor pain, at the top of preexisting chronic pain. RA interventions in patients with implanted pain management devices is possible, Application of supplemental RA (example TAP block) is possible.
RA and children
The potential benefits in children with co-existing chronic pain are obvious (probably the same as in adults), however, not well described GA, general anesthesia; ICU, intensive care unit; RA, regional anesthesia.
anesthesia that also provided postoperative pain management [23] . Additional advantages of incorporating regional anesthesia techniques into the anesthetic plan with the goal to reduce complications and improve patient safety have been more realized with the implementation of ultrasound guided regional anesthesia [12 ,13,14,16 , 17 ,20 ]. Another benefit for application of regional anesthesia in chronic pain patients is the association with the phenomena of opioid-induced hyperlagesia (OIH) since the need for intravenous opioids is significantly decreased when using regional anesthesia techniques [24] . The risk of OIH may be reduced with application of RA techniques as an alternative to opioid-based pain management modalities to control acute pain in the chronic pain patient.
Regional anesthesia in chronic pain patients: other relative considerations
There are reports of regional anesthesia complications presented in the literature, but the incidence of adverse events associated with regional anesthesia techniques should be calculated from large sample size studies and over adequate time periods from several interinstitutional investigations as untoward effects from performance of regional anesthesia are quite rare [25] [26] [27] 28 ,29,30,31 ]. In addition, utilization of neurostimulation, ultrasound, echogenic/stimulating needles and catheters, increased application of newer and safer local anesthetics within the last several decades has improved the safety of regional anesthesia [12 ,16 ,17 ,20 ,31 , 32]. The general surgical population and patients with coexisting chronic pain share many of the same concerns associated with regional anesthesia (complications of neuraxial anesthesia, peripheral nerve blocks, local anesthetic toxicity, and malpractice/litigation issues), but there are also some differences that need to be considered.
The rate of infection associated with neuraxial regional anesthesia is 1.1-100 000 for spinals, and somewhat higher in epidural regional anesthesia [25, 27, 33] . The infection complication rate from interventional pain management services such as cervical discography (high fear of life-threatening infection) has been demonstrated to be relatively low [34] . There are some studies that suggest that neuraxial blocks should be contraindicated in certain categories of patients with co-existing pain (intravenous drug users) because of a potential higher risk of infectious complications [35] . Infections associated with neuraxial interventions are most commonly related to skin and nasal microbial flora such as Saureus and Staphylococcus epidermidis [33] .
Peripheral nerve, spinal cord and spinal nerve root injuries are rare complications associated with regional anesthesia. The most common injuries described in the literature are transient parasthesias following peripheral nerve block placement especially during parasthesia and landmark-based regional anesthesia techniques. These transient neurologic complications were noted in 10-15% of patients and usually resolved completely in 99% of patients within 1 year [36] . Some of the current literature demonstrates data of a significantly lower risk of nerve injury associated with regional anesthesia to less than 0.5% [36] .
Transient neurologic symptoms, reported in certain studies to be as high as 3% in patients receiving spinal anesthesia, remains as one of the most common complications identified and has often been found to be associated with the use of lidocaine (independent of lidocaine concentration) [37] . Despite most regional anesthesia negligence claims being associated with transient neurologic injuries from peripheral nerve block placement, the major cause of death and/or hypoxic brain injury are due to the deleterious effects from local anesthetic toxicity [29, [38] [39] [40] [41] [42] . Many of the same commonly employed precautions and safety injection considerations during administration of local anesthetics apply to all patients including those with co-existing chronic pain. Varying degrees of local anesthetic drug effectiveness and occasions of decreased sensitivity to certain locals is known to occur in patients with chronic pain [43, 44] . Regional anesthesia may improve patient satisfaction, but block failure rate (potential consideration of regional anesthesia) may have a more profound emotional consequence in chronic pain patients compared to other surgical patients. The true failure rate of regional anesthesia in patients with co-existing chronic pain has to be differentiated from the occurrence and observation of a patient being 'uncomfortable' or unable to properly express the success of regional anesthesia. It is often necessary to provide deeper levels of sedation (some patients will even request block placement under general anesthesia) in chronic pain patients during administration of regional anesthesia. Intraoperative general anesthesia may need to be performed despite evidence of successful performance of intraoperative regional anesthesia (peripheral nerve block or neuraxial blockade) secondary to patient management issues. This is often due to higher levels of anxiety that chronic pain patients typically express which may create suboptimal intraoperative conditions for the perioperative surgical team. Higher levels of anxiety in chronic pain patients could be associated with their fear of worsening perioperative pain. The pathophysiologic basis of this behavioral phenomena in some patients correlates with the fact that chronic pain can produce certain structural and functional changes not only toward the self-image of the impaired body part, but also by a milieu of chemical and receptor alterations at multiple levels within the peripheral and the central nervous system. Anesthesiologists are often willing to assume the additional intraoperative risks of heavy sedation (even administration of general anesthesia) if necessary to supplement successful regional anesthesia techniques despite the potential of adverse events. Anesthesiologists should not minimize or deny adequate pain control/management and well tolerated surgical conditions for chronic pain patients during any necessary or high-risk surgical intervention (despite the risk of concern for potential litigation) [45] .
Medication considerations in patients with chronic pain
Scripts for opioid pain medications are the second most often prescribed class of drug and also accounts for 12% of all medication prescribed during ambulatory office visits in the US [46] . Therefore, chronic pain patients presenting for surgery are frequently found to be taking one or more pain medications that require undergoing consideration toward necessary drug-prescribing protocols during both the admission and discharge process from the hospital or surgical center. There are evidence-based algorithms described for dispensing chronic pain medications that resemble the World Health Organization (WHO) pain medication prescription drug ladder that includes a variety of drug classifications such as acetaminophen, NSAIDs, tricyclic antidepressants, medications for treating neuropathic pain, topical creams and ointments, and others [47] . In addition, the number of patients with chronic pain treated with opioid analgesics, and tolerant to these medications, has increased dramatically over the last 20 years and it remains a common recommendation to have patients continue to take the same dose of opioid medication throughout the perioperative period including the morning dose on the day of their surgery [ [60, 61] . However, when opioid conversion tables are applied, individual patient characteristics should be taken into consideration and may include: 1.) specific patient pain-related factors (baseline or escalated pain levels), 2.) disease-related issues pertaining to the planned surgical procedure, 3.) demographic factors, 4.) co-existing medical conditions (other medical comorbidities) which may alter analgesic medication requirements, and 5.) pharmacodynamics and pharmacokinetics of opioid analgesics [60, 62, 63] . It is common for chronic pain patients to have exacerbation (sometimes even severe) of pain when converting from short-acting intravenous opioids (alfentanil, remifentanil) back to longer-acting opioid analgesics [64] . Many experts suggest continuing opioid medications, even with confirmed and successful regional anesthesia, to at least half of a patient's preadmission maintenance analgesic dosage of opioid [51] . In addition, consideration of escalating the opioid dose 2-4 times when patients begin to experience postsurgical pain following regional anesthesia (spinal or single injection peripheral nerve block) may also be necessary. An escalation of opioid analgesic dose may not be needed if a continuous perineural catheter has been placed to secure longer-term (days following the surgical insult) maintenance for perioperative pain management [52-53,54 ,55 ,56 ,59 ].
Patients are frequently instructed to stop/hold aspirin and NSAIDs prior to surgery aimed at reducing any potential negative effects on coagulation (antiplatelet effects and blood loss), but as a result, the co-existing underlying chronic pain can often become more intense.
The recently published guidelines on application of regional anesthesia techniques in patients on antithrombotic therapy confirmed the many previous statements that NSAIDs alone can be used along with regional anesthesia [65 ] . Therefore, continuation of NSAIDs maintenance dose for chronic pain patients should be continued if not otherwise surgically or medically contraindicated.
Sedative and hypnotic medications should also be continued into the peripoperative period since patients with co-existing chronic pain can often exhibit high levels of anxiety in association with expectations of worsening pain secondary to anticipated surgery. A recent metaanalysis identified how clonidine was a superior premedication compared to benzodiazepines in children by showing improved sedation, decreased postoperative pain and less emergence agitation [66] . However, when clonidine or dexamethomidine are planned for additional sedation in the chronic pain patient, their maintenance or preadmission dosage of benzodiazepines should be continued. Low plasma levels of benzodiazepine or benzodiazepine withdrawal may decrease the seizure threshold and thereby create concern in properly recognizing or protecting against neurologic compromise (sequela of convulsions) in a patient undergoing regional anesthesia due to unintentional intravascular injection of local anesthetic. Continuing antipsychotics medications as adjuvant analgesics (used to control neuropathic pain) into the perioperative period should also be considered provided there are no contraindications [67, 68] . There is evidence that nicotine is involved in endogenous opioid mechanisms and it can influence the intrinsic regulation of pain mediators [69, 70] . It has also been shown that chronic nicotine consumption is associated with a higher prevalence of chronic pain [71] . Therefore, consideration for application of a nicotine patch applied to the skin preoperatively (provided there are no contraindications) when performing regional anesthesia should be employed to prevent nicotine withdrawal, but it may also positively compliment perioperative pain management in chronic pain patients with co-existing tobacco abuse.
Precautions of regional anesthesia and the chronic pain patient with implanted pain management devices
Patients with co-existing chronic pain can present for surgery in which previously implanted pain management devices including spinal cord or peripheral nerve stimulators, intrathecal opioids or bacolfen pumps, and other such pain management devices (both mechanical and electrical powered have been surgically placed). These devices are often utilized when other conservative pain management techniques have proven to be inadequate, have failed or are not indicated. However, it must be remembered that such implantable devices can be associated with: 1.) potential for infections, 2.) neurological complications, and 3.) bleeding or medication withdrawal symptoms [72] [73] [74] [75] . The ongoing question and debate over risks versus benefits in the application of regional anesthesia techniques in chronic pain patients with such implantable devices has not been well studied in the literature and is typically under the discretion of the regional anesthesia team. There have been reports of successful neuraxial blocks placed in patients with co-existing intrathecal pumps and neuraxial anesthesia techniques used for pain management device implementation [76, 77] . There are also reports of : 1.) successful epidural analgesia for labor in a chronic pain patient with a coexisting intrathecal baclofen pump, 2.) another epidural in a laboring patient with a cervical spinal cord stimulator, 3.) a case of successful neuraxial anesthesia for caesarean delivery in a woman with a spinal cord stimulator implanted in the lumbar spine, and 4.) report of a cesarean section under neuraxial anesthesia in a patient that had a cervical spinal cord stimulator placed previously [78] [79] [80] . The benefits of regional anesthesia in the parturient are overwhelming when compared to general anesthesia administration such that anesthesiologists always need to consider the risk-benefit advantage of proceeding with neuraxial anesthesia in the pregnant patient with chronic pain [76] [77] [78] [79] [80] . Several diverse types of regional anesthesia techniques and methods continue to be proven in clinical practice for an expanded variety of surgical interventions. An epidural may be effectively substituted and/or supplemented with a paravertebral block or some other applicable peripheral nerve block such as a transversus abdominus plane block [81] [82] [83] . In palliative care medicine, the risk-benefit ratio of performing regional anesthesia is often skewed towards taking on a more aggressive pain management strategy. Treatment for the terminally ill and in those chronic pain patients with advanced diseases, there tends to be somewhat lesser concern or consideration about the potential complications of aggressive pain treatment in favor of more optimal pain management results [84] . However, the level of complexity or difficulty(s) in application of regional anesthesia techniques for pain therapy may also be greater in the palliative care patient [85] . Even with all the recent advances made in technology toward regional anesthesia, the chronic pain patient may still prove to be one of the most difficult patient populations to manage. Therefore, vigilance and constant consideration along with necessary modifications in chosen strategies associated with management of patients with co-existing pain should be taken into account before, during, and after application of any regional anesthesia technique used in this particular patient population.
Additional considerations for regional anesthesia in the patient with co-existing chronic pain
Pre-operative detailed discussions about anesthesia and perioperative pain management options have been shown to be complemented with multimedia information dissemination [86 ] . Therefore, comprehensive preoperative anesthesia assessment, instruction and communication with the chronic pain patient are imperative for successful application of regional anesthesia for surgery [52,53,54 , 55 ,56 ]. The type of opioid and dosage prescribed along with other pain medication, history of effect and quality from previous anesthetics (general anesthesia and regional anesthesia), along with presence and type of any implanted pain management device should be identified. It appears that the most ideal information exchange about regional anesthesia should begin first in the surgeon's office and to then continue throughout the preoperative assessment period. The regional anesthesia team must take the time to listen to patient concerns as detrimental effect has been demonstrated by innocuous interruption that diminishes the amount of important pain information communicated by older adults and deliberate interruptions by practitioners may further reduce communication of important pain information [87] . In addition, description and discussion of details associated with block placement as well as providing patient assurances that adequate sedation during regional anesthesia placement will be administered must take place [51, 52] . In many instances, the regional anesthesia technique in a patient with co-existing chronic pain may often produce more extreme sensitivity than what would normally be expected as routine uncomfortable stimuli associated with regional anesthesia placement that otherwise well tolerated by other patients. Local anesthetic skin infiltration should always be used prior to any regional anesthesia intervention in chronic pain patients. In addition, other techniques may be recommended such as the use of buffered sodium bicarbonate mixed with local anesthetics that are associated with a decrease in the pain of injection compared to unbuffered local anesthetic solutions [88] .
There are some studies that suggest the use of higher doses of local anesthetics and opioids in epidural anesthesia solutions for the chronic pain patient and those on high-dose opioids [51, 52] , but the increase in opioid concentration for epidural or spinal anesthesia also carries additional side-effects and patient safety considerations (respiratory depression) [89, 90] . The perioperative anesthesia and surgical teams participating in the continuing care of these chronic pain patients and those on high-dose opioid analgesics should be cautioned about the use of additional parenteral opioid agonists subsequent to administration of neuraxial opioids. Neuraxial opioid agents prove to be very effective analgesics in those patients taking high-dose opioids, but also possess some additional disadvantages of side-effects such as itching and nausea and may also exacerbate pain in certain patients who receive chronic maintenance opioid analgesics [52, 54 ].
Choice of regional technique must take into consideration a host of issues since it is believed that patients with co-existing chronic pain may tolerate one method of regional anesthesia placement over another alternative regional anesthesia technique. There are proven benefits of ultrasound guidance for peripheral nerve blocks, including faster block onset, lower effective volume of local anesthetic, longer duration of block effect, and potential for a higher success rate among others [13,16 ,17 ,18,20 ,31 ,91,92] . Peripheral nerve block placement under ultrasound guidance may be more easily tolerated by chronic pain patients since it can possibly reduce or eliminate the need for muscle movement (which may cause additional patient discomfort) that is associated with neurostimulation [22 ] . Perineural catheters may provide better pain control in the general patient population [93, 94] and this same reasoning could be applied to perineural catheters for patients with co-existing chronic pain. Wound infiltration may also be an option for augmentation of perioperative pain management in patients with co-existing chronic pain [95, 96] . Multimodal pain techniques should be assertively employed to supplement anesthesia and pain management in patients with co-existing chronic pain when applicable [97] [98] . Meticulous and daily followup is vitally important in patients with co-existing chronic pain when regional anesthesia is applied in order to promptly treat any potential problems, failed or partially successful regional blocks especially when continuous or ambulatory interventional regional anesthesia techniques have been employed [51-53,54 ,55 ,94, 99 ].
Conclusion
Regional anesthesia techniques have been available as part of a multimodal approach for pain management of patients with chronic pain since the 1920s [100] . Initially, there was a limited set of regional anesthesia tools, techniques, pharmacologic and anatomical knowledge for treatment of chronic pain that has grown into the subspecialty of pain management and pain medicine [101] . Unfortunately, many of the continuing advances in perioperative regional anesthesia have not been translated or appear to be underexplored in chronic pain patients. This delinquency has often times resulted in the inadequate control of acute pain management in the chronic pain patient and may continue to present a problem or obstacle in further development of perioperative medicine in view of the growing demand for regional anesthesia. The number of surgical interventions in which regional anesthesia could be applicable and the continuing role of regional anesthesia in perioperative pain control resume to grow exponentially. This growth is in part due to the value provided and medical understanding that targeted pain interventions tend to be more preferable than systemic pharmacologic therapy by healthcare providers [102 ] . Additional frontiers of research such as investigation of sodium channel blockers of pain-specific fibers and high-threshold primary sensory neurons (close to the beginning of clinical trials) show optimism of the continued search for selective interventions of the pain system and approaches to improved pain management by targeting pain at its source [103, 104] . The advancing pain medicine roles of pediatric, adult and geriatric regional anesthesia specialists will continue to increase with the growing intensity of debate over the added value of incorporating regional anesthesia into the perioperative process and the potential negative consequences of general anesthesia in the aging population [21 ,58 ] . As the value, understanding and popularity of regional anesthesia continue to grow, surgeons and patients will be requesting regional anesthesia services including the 19-83% of patients (depending on the subset of population) presenting with co-existing chronic pain. In addition, as a result of these continuing trends, many anesthesiologists practicing general anesthesia will face challenges and requests for regional anesthesia services that require the new skill sets for performing such interventions (ultrasound-guided regional anesthesia). Therefore, continued training and ongoing clinical research in regional anesthesia for all patients, but with a special emphasis on those with coexisting chronic pain, will assist anesthesiologists to better respond to the challenges that the specialty of anesthesiology and pain medicine will need to meet in the near future. 
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Liu SS, Chisholm MF, John RS, et al. Risk of postoperative hypoxemia in ambulatory orthopedic surgery patients with diagnosis of obstructive sleep apnea: a retrospective observational study. Patient Saf Surg 2010; 4:9. Discharge of patients with a diagnosis of obstructive sleep apnea (OSA) after ambulatory surgery is frequently delayed, especially after general anesthesia, due to concern for postoperative respiratory compromise and hypoxemia. There are also associated significant intensive care and telemetry costs. This study enrolled 206 patients with OSA and it demonstrated that episodes of postoperative hypoxemia in OSA patients undergoing ambulatory surgery with regional anesthesia are not associated with increased adverse outcomes or unplanned hospital admission. This study enrolled 120 patients demonstrating that ultrasound approaches during axillary block placement were less painful and more comfortable than neurostimulation. In addition, it reveals that although pain intensity resulting from blocks placement was similar with the ultrasound approaches, comfortable procedures were reported more frequently with the out-of-plane than with the in-plane approach. ) most of which were temporary or nondisabling (80%). When known, etiology of spinal cord injuries were: 1.) epidural hematomas (n ¼ 4, only one of which had a coagulopathy), 2.) epidural abscess (n ¼ 4), 3.) direct injection into the cord (n ¼ 2), and 4.) anterior spinal artery syndrome (n ¼ 1). The majority of nerve injury claims were judged to have appropriate care, and anesthesia providers made payments in less than one-third of such claims. . This meta-analysis demonstrated that peripheral nerve blocks performed using ultrasound guidance were more likely to be successful, took less time to perform, had a faster onset (29% shorter onset time), and had longer duration (mean difference 25% longer) than those performed with neurostimulation guidance. In addition, using ultrasound guidance was associated with significantly less risk of vascular puncture.
